We have investigated the effects of ovariectomy (OVX) and photostimulation (PS) on anterior pituitary LHP mRNA abundance and circulating levels of LH in the domestic turkey. The birds were divided into the following four treatment groups: non-PS SHAM, PS SHAM, non-PS OVX, and PS OVX. Photostimulation was initiated 7 days after OVX. Anterior pituitaries and blood samples were collected on Days 0, 1, 3, 7, 14, and 26 after PS. The experiment was terminated when the PS SHAM birds were laying eggs regularly. Photostimulation of intact birds induced an increase in both LH mRNA levels (Days 3, 14, and 26 of PS) and serum LH (Days 14 and 26 of PS; p < 0.05), while OVX of non-PS birds significantly elevated LH on Days 7, 10, 21, and 33 and LHU mRNA levels on Days 7, 8, 10, 14, and 33 post-OVX. Circulating LH titers in the PS OVX birds were well above the levels in the non-PS OVX group (p < 0.005); however, LH{ mRNA abundance was not significantly greater (p > 0.05). Our results indicate that OVX and PS appear to be additive in stimulating LH secretion but do not have this effect on LHPI mRNA levels. We have hypothesized that gonadectomy induces near-maximal accumulation of LH, mRNA and that therefore the subsequent stimulus of a long photoperiod has no additional effect. We suggest that increases in serum LH levels, beyond those of the OVX bird, may be controlled post-transcriptionally.
INTRODUCTION
The domestic turkey is a photoperiodic species. When daylight exceeds 12 h/day, photosensitive birds exhibit an increase in circulating levels of LH, and gonadal recrudescence occurs [1, 2] .
The secretion of LH is stimulated by the hypothalamic peptide, GnRH [3, 4] . Estradiol has been shown to potentiate GnRH-stimulated LH secretion from cultured pituitary cells of both female chickens [5] and turkeys [6] . In addition, it has been demonstrated that estradiol and progesterone work in concert to induce the preovulatory LH surge [7] .
Ovarian steroids are also known to inhibit LH release. Ovariectomized birds exhibit elevated serum LH levels [8] . Replacement with estradiol and progesterone, individually or in combination, results in decreased circulating titers of LH [8] .
Until recently, studies on this phenomenon in avian species have been limited to the control of LH secretion. However, with the cloning of a chicken LHP cDNA [9] , we can now begin to examine the regulation of LH3 gene expression. In the present study we have investigated the effects of ovariectomy (OVX) and photostimulation (PS) on serum LH levels and LH3 mRNA abundance in the domestic turkey.
MATERIALS AND METHODS
Nicholas strain large white laying turkey hens at 44 wk of age were placed on a photoperiod of 4L:20D for 8, 10, or 12 wk prior to the start of these experiments. The birds were housed in floor pens with constant access to feed and water. Ovariectomy and sham surgical procedures were conducted through use of ketamine/HCI-xylazine anesthesia. The surgical procedures were performed after the hens completed their molt and their ovaries and oviducts were regressed. The hens were inspected for completeness of OVX at the time of tissue collection.
The birds were divided into the following four treatment groups: nonphotostimulated sham (non-PS SHAM; n = 12), photostimulated sham (PS SHAM; n = 10), nonphotostimulated ovariectomized (non-PS OVX; n = 10), and photostimulated ovariectomized (PS OVX; n = 10). This experiment was repeated three times such that n = 6 at each time point. The birds were allowed 1 wk to recover from surgery before being photostimulated. Birds on a long photoregimen were kept on a 15L:9D light cycle, while those on a short photoregimen were maintained on 4L:20D. Two birds from the non-PS SHAM group were selected at random immediately after surgery (Day -7 of photostimulation); thereafter, two birds from each treatment group were selected between 0900 and 1000 h on the day of PS (Day 0) and on Days 1, 3, 7, and 14 following PS. The last two birds in each experimental group were collected when the PS SHAM birds were laying eggs regularly (average number of days post-PS: 26). On each of the selected days the birds were bled and were killed by decapitation; their anterior pituitaries were collected, snap frozen in liquid nitrogen, and stored at -80°C. Blood samples were allowed to clot overnight at 4°C. After centrifugation (2300 x g for 20 min), the serum was decanted and stored at -20°C until assayed. This experimental design was utilized for three independent experiments.
Serum LH levels were determined via a homologous radioimmunoassay previously described [10] . All samples were assayed in duplicate within a single assay. The intraassay coefficient of variation was 11% and the assay sensitivity was 0.14 ng LH/ml.
Total RNA was isolated from the anterior pituitaries by the guanidinium/cesium chloride procedure [11] . The resultant RNA was quantified by measuring absorbance at 260 nm. Purity of the sample was determined by the A 260 /A 280 ratio. Agarose-formaldehyde gels and buffer were prepared according to Maniatis [11] . RNA samples were processed and subjected to electrophoresis (8 .Ig/lane) as described by Fourney et al. [12] . The RNA was transferred onto GeneScreen membranes (DuPont, Wilmington, DE) by capillary action via 0.025 M NaPO 4 as described in the GeneScreen instruction manual. The RNA was immobilized on the membrane by baking in a vacuum oven at 80 0 C for 90 min. The blots were hybridized in 50% formamide, 5-strength SSC, 1% SDS, double-strength Denhardt's solution, 10 Kg/ml tRNA, and the labeled probe at 42°C. After overnight hybridization, the blots were washed twice in double-strength SSC at room temperature for 5 min, twice in double-strength SSC, 1% SDS at 65°C for 30 min, and twice in 0.1-strength SSC at room temperature for 30 min. The blots were then air-dried, wrapped in Saran Wrap, and autoradiographed with Kodak XAR 5 film (Eastman Kodak, Rochester, NY) via cassettes equipped with intensifying screens (DuPont). Following completion of the LH[ autoradiograms, all Northern blots were stripped (0.1-strength SSC, 0.1% SDS at 100°C for 30 min) and rehybridized with a chicken -actin cDNA. A 0.5-kb fragment encoding the chicken LHi cDNA [9] was isolated and labeled with [a-32 P]-dATP (3000 Ci/mmol; ICN Biomedicals, Costa Mesa, CA) to a specific activity of 108 cpm/,ug via a random-primed DNA labeling kit (Boehringer-Mannheim, Indianapolis, IN). The 13-actin probe was nick-translated to a specific activity of 108 cpm/g through use of DNA Polymerase I/DNase I (Bethesda Research Laboratories, Gaithersburg, MD) and [a-
32 P]-dATP. The hybridization intensities of the major 0.6-kb LHI3 mRNA and 2.0-kb 3-actin mRNA bands on the autoradiograms were determined via a Bio-Rad densitometer (Model 620; BioRad, Richmond, CA) and recorded as arbitrary densitometric units (ADU). To correct for unequal sample loading, ADU values for LH3 mRNA were divided by ADU values for -actin. The ratio represented normalized values for each sample.
The data were analyzed by means of the one-way analysis of variance procedure in the Statistical Analysis System 
RESULTS
Serum LH levels of non-PS OVX hens were higher (p < 0.05) than those of non-PS SHAM birds 7, 10, 21, and 33 days after surgery (Days 0, 3, 14, and 26 of PS; Fig. 1 ). Levels increased in both groups after photostimulation, with those in the PS-OVX group being significantly (p < 0.005) higher than those in the non-PS OVX group 1, 3, 7, and 14 days after onset of the long photoperiod. A significant (p < 0.05) increase in serum LH was noted at 14 and 26 days after the onset of photostimulation in sham-operated hens. Figure 2 illustrates the effect of PS on LHI3 mRNA abundance in intact and OVX birds. Hybridization with the chicken LHI3 cDNA resulted in a single band of 0.60 kb. Hybridization with the chicken -actin cDNA resulted in a major band of 2.0 kb and a minor band of 3.8 kb (data not shown).
The LH[ densitometric values obtained from the autoradiograms were normalized to the -actin values to correct for unequal sample loading. The data were presented as a ratio of the optical densities of LHI3 mRNA to {3-actin mRNA (Fig. 3) .
Approximately 1 wk after OVX (1 day post-PS), birds on both short and long photoperiods exhibited elevated levels of LHI3 mRNA when compared to their corresponding intact controls (p < 0.05; Fig. 3 ). In the PS birds, however, the effect of OVX on LH3 mRNA abundance was significant only on Day 3 post-PS (p < 0.05). In contrast the non-PS OVX birds maintained higher levels of LH3 mRNA than the SHAM controls on all days studied except Day 14 post-PS (p < 0.05).
The PS SHAM group demonstrated significantly higher levels of LH mRNA on Days 3, 14, and 26 of PS when compared to the non-PS SHAM (p < 0.05; Fig. 3 ). Photostimulation of OVX birds had no significant effect on any of the days studied (p > 0.05; Fig. 3 ).
DISCUSSION
Ovariectomy and PS have been shown to increase circulating levels of LH in the domestic turkey [1, 8] . The results of our study indicate that these treatments may also increase LH3 gene expression.
Photostimulation of intact birds produced a moderate increase in serum LH. While OVX was found to be more effective than PS in elevating serum LH levels, OVX followed by PS resulted in the highest LH titers. These results are in agreement with those of El Halawani et al. [8] . Since the effect of PS on circulating levels of LH was markedly greater in the OVX birds, it follows that LH synthesis may also have increased in order to maintain this accelerated rate of secretion. We investigated the relationship between serum LH titers and LH3 mRNA abundance.
The effect of OVX on LHI mRNA levels was highly dependent on photoperiod. Ovariectomized birds that were maintained on a short photoregimen exhibited elevated levels of serum LH and LH3 mRNA. However, OVX followed by PS produced a significant increase in circulating LH titers, while LHP3 mRNA abundance remained unchanged when compared to that induced by OVX alone.
Exposing intact birds to a long photoperiod elevated LH3 mRNA levels by Day 3; however, the rise in circulating LH titers was not significant until Day 14 of our study. Other investigators have detected a significant increase in serum LH by the third day of PS [1, 2, 8] . Taken together, these results suggest that PS of intact birds may activate LH production and secretion concomitantly. In contrast, PS of OVX birds immediately elevated serum LH titers while LH-mRNA levels were not significantly greater than in the non-PS OVX birds at any time during our study. This latter finding is not in agreement with the photoperiod-dependent effect on LHmRNA levels demonstrated in OVX golden hamsters by Bittman et al. [14] . Those authors found that hamsters ovariectomized and maintained on a long photoregimen for 72 days had fourfold higher levels of both serum LH and LH3 mRNA compared to ovariectomized hamsters maintained on a short photoregimen. These opposing results with respect to LH3 mRNA suggest a species-specific response to gonadectomy and photoperiod.
The results of our study suggest that in the domestic turkey, OVX and PS affect circulating titers of LH and LHI3 mRNA abundance via different mechanisms. Photostimulation appears to produce an increase in both LH3 gene expression and LH secretion, while OVX may induce near-maximal accumulation of LHI mRNA with further increases in LH release controlled by other factors. Thus, when OVX is followed by PS, the additional stimulus of a long photoperiod may have little effect on LH3 mRNA abundance. This, however, does not preclude an increase in circulating titers of LH that could be achieved by enhancing 1) translational efficiency, 2) post-translational processing, 3) the rate of LH secretion, or 4) the half-life of LH in the circulatory system; all of these could occur in the absence of a change in steadystate LH3 mRNA levels. Weiss et al. [15] have provided evidence that post-transcriptional control plays a role in the regulation of LH. They have found that OVX stimulates an increase in LHI mRNA polyadenylation without a corresponding increase in transcript abundance. This suggests that the longer poly(A) tail does not confer greater stability but instead may serve to increase translational efficiency. The mechanisms by which PS and OVX modulate LH3 gene expression and LH secretion continue to be investigated. 
